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DIFFRACTIVE PROCESSES AND THE TRIPLE-POMERON

Hanmu I. Miettinen®)
CERN, Geneva, Switzerland.

INTRODUCTION

Nearly one hundred papers on inelastic diffraction were submitted to this Conference.
They represent a wealth of new information and contain many important results. Having such
a large amount of material to review I have decided to concentrate on the developments which
are entirely new**) . Very important but less exciting 'bread and butter' results are dis-
cussed more briefly. My approach to the subject will be very phenomenological. The mc))re

theoretical aspects of diffraction scattering are covered by the talks of B.R. Webber® ,
N. Sakai®) and A. Schwimmer”).

The material of this my report will be organized as follows:

We begin by briefly discussing in Section 2 the s-channel unitarity relation between
diffraction scattering and particle production processes. This provides us with a phenomeno-
logical framework in which to organize and interpret the experimental results.

The third section is devoted to a discussion of the production and the decay proper-
ties of diffractively excited low-mass systems.

In the past year there has been much progress in the phenomenological understanding
of the "absorption" or ''rescattering" effects present in inelastic diffraction. This sub-
ject is reviewed in Section 4.

The fifth section presents a brief summary of the most recent experimental results on
the excitation of large masses and of their phenomenological interpretation.

The sixth section is devoted to a discussion of two rare types of diffractive processes
on which new and exciting results are reported at this Conference, namely, double diffrac-
tive excitation and double Pomeron exchange processes.

Finally, an attempt is made to suggest some promising directions for future research.

THE SHADOW APPROACH

The words "shadow approach' mean the familiar idea that diffraction scattering is the
shadow of absorption due to the existence, at high energies, of many open inelastic channels.
This idea is illustrated in Fig. 1.

The incoming beam is described by a unit matrix (S = 1) and the effect of the target
by a transition matrix T (S = iT). When the target is placed in the beam the incoming and

*) Herman Rosenberg Foundation Fellow. On leave from the Research Institute for Theore-
tical Physics, University of Helsinki, Finland. Address after the 15 August, 1975:
Stanford Linear Accelerator Center, P.0. Box 4349, Stanford, California 5%335@, USA.

**)  The reader who wishes to _get a more complete view on the subject should refer to the
review articles by Leith!), Mukhin and Tsarev?), Azimov et al.?), and Goggi®).
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the scattered waves interfere destructively, producing a '"shadow'" behind the target. A
counter which is placed out of the beam line catches, however, only the scattered wave.

One sees immediately that a very 'black" (= dense) target gives rise to a strong diffracted
wave. A simple analysis shows that the angular distribution of the diffracted wave reflects
the size and the shape of the target. A small target gives rise to a flat angular distri-
bution, whereas a large target produces an angular distribution which is strongly concen-
trated near to the forward direction. A target which has sharp edges gives rise to a rapidly
oscillating angular distribution with several minima and maxima ("diffraction pattern').

The above phenomenon, diffraction of matter waves, is closely analogous to that of
diffraction of light. It is maybe the most striking manifestation of the wave nature of
matter.

2.1 . s-channel unitarity

The above optical ideas may be formulated quantitatively in terms of the s-channel
. . . _8-10)
unitarity equation . It reads:

In (£]T|1) = ; (£]7"|n) (n|T|1) . (2.1)

Here, |i) and |f) are the state vectors of the initial and final elastic states, respectively.
The equation (2.1) is illustrated below:

YYYY

Let me now discuss this equation in some detail, in order to emphasize the similarity
of the dynamics that governs elastic scattering and the inelastic diffractive processes
which are the subject of this talk.

I shall draw the above unitarity equation "sideways' and place a rapidity scale on
the multiparticle side of it. The result is shown in Fig. 2.

In the multiparticle production process, the internal quantum numbers of the incoming
beam particle a are carried out by particles whose momenta lie in the 'beam fragmentation
region', i.e. within approximately two units of rapidity from the left end of the longitudinal
phase space. We see from Fig. 2 that the coupling of the Pomeron to the external particle
a is built up by the overlap of the particles produced in this region*):

*) For a detailed analysis of how this happens, see the recent article by Bialas and Sakaill).
y
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The Pomeranchuk singularity itself is built up by the overlap of the momenta of the
particles produced in the central region:

One of the past years' most important discoveries in hadron physics has been the obser-
vation that the correlations between the particles produced in the central region are dom-
inantly of a short-range nature*). The two-particle correlation function defined as

Cresyg) = plsYg) - Pl plyy) » (2.2)

[p(yc,yd) and p(yc), p(y4) are the normalized two- and single-particle densities, respec-
tively] is observed to decrease rapidly when the rapidity difference Ay = |yC - yal becomes

large. A simple parametrization

Clyy ~ e YA Veval (lycyyl large) (2.3)

fits the data well. The empirical estimates for the correlation length A vary between 0.7
and two units of rapidity**).

A well-known result is that any particle production mechanism in which the correlations
are of a short-range nature only, gives rise to a Pomeranchuk singularity which is a simple
Regge pole. Thus the experimental observation that the multiparticle correlations within
the central region are dominantly of a short-range nature provides evidence that the Pomeron
singularity is, in the zeroth-order approximation, a simple J-plane pole. The approximate
pole nature of the Pomeranchuk singularity is supported also by the empirical evidence that
the diffractive amplitudes factorize"“) and by phenamenological analyses of the elastic

scattering datals).

*) TFor the most recent evidence, see the reviews of R. Baierlz) and N, McCubbinla) in
these Proceedings.

**) More complicated correlation functions may indicate long-range effects. In partic?lar,
the question of the rapidity dependence of the azimuthal correlations is unsettled!*).
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In the past year, an ambitious program has been initiated to derive the properties of
the Pomeron pole [the intercept o(0), the slope a', and the couplings] from those of the
multiparticle distributions Esingle—particle densities pi(y), correlation length A, etc.]
in a model-independent way'®’. The progreés achieved in this very difficult problem is
reviewed by Dr. Webbers). The unitarity relation has been studied within the framework of
specific models by many authors. The results obtained within the multiperipheral and the
dual model frameworks are reviewed by B.R. Wébbers) and N. Sakais), respectively.

2.2 Inelastic diffraction

Let us now apply the above ideas to the study of the inelastic diffractive processes.
We may write a unitarity equation analogous to Eq. (2.1):

Im (a|T|1) =Z<d|T+|n><n|T|i> . (2.4)

Here, as previously, |i) is the incoming inelastic state. The state |d) = |Db) is an in-

)

elastic diffractive state characterized by a rapidity distribution of the following type* :

D b

1l e A LONG
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1 . l .
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I -—

The "off-diagonal" unitarity equation (2.4) is illustrated below:

b b

To analyse the contents of this equation let me proceed as previously. I turn it '"side-
ways" and place a rapidity scale on the multiparticle side of it. The result is shown in
Fig. 3.

From this figure we immediately see two results:

Firstly, the assumption that the multiparticle correlations are of a short-range nature
implies that the particles produced in the central region do not "know" what happens in the

*) In double diffraction dissociation, both the incoming particles dissociate. The pro-
duced clusters are separated by a long rapidity gap.
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two fragmentation regions. Consequently, the singularity built up by the overlap of the
central region particles is the same factorizable J-plane pole that was built up in the
elastic scattering.

Secondly, the inelastic aPD vertex is built up by the overlap of the two fragmentation
distributions X and X% produced in

° |

When the system D is very similar to the particle a (such as a low-mass resonance
with the same quantum numbers as the particle a) one may expect the two fragmentation
region distributions X and X% to be rather similar and to overlap well. A system D which
is very different from the hadron a (such as a system of a mass of 10 GeV and consisting
of 7 particles, say), on the other hand, is expected to produce a fragmentation region dis-
tribution which is very different from that produced by the particle a. Consequently, for
such a system one may expect the aPD coupling to be very small.

The above problem of the my dependence of the aPD vertex may be analysed quantitatively
using the triple-Regge theory. The result is that the strength of the coupling decreases
as an inverse power of the mass my:

a

§ m,oo= g9 (mD)N(mD)_OL
[P

The power a varies between 0.5 and 1.5 depending on the t-value of the collision and the )
range under study.

2.3 ABsorptive corrections

The pole picture of the Pomeron is expected to be approximate only. On very general
grounds, one may expect "absorption' or 'rescattering' effects to be present and to provide
corrections to the pole amplitude. At present, no reliable theory for evaluating their
contributions exists, and even their phenomenological understanding is rather vague.

A simple model for calculating the rescattering effects in elastic scattering is pro-
vided by the eikonal formula:

T (s,b) = 1 - e sHD) C s by - %Tﬂz(s,b) ‘.. (2.6)

.

Here, the amplitude Tel(s,b) and the eikonal Q(s,b) are written in the impact parameter re-
presentation. One may assume the eikonal to be a Regge pole. The rescattering contributions
-1n?(s,b) + ... then give rise to Regge cuts. They break factorization and modify the energy
.dependence of the pole amplitude.
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The above eikonal expansion has a particularly simple interpretation in the geometrical

7)
probabilities of the constituents of the left-moving hadron to hit those of the right-moving

picture of hadron collisions’ The eikonal Q(s,b) represents the sum of the elementary:
one. If many hits occur in each collision, this term may clearly exceed the unitarity limit.
Unitarity is then restored by the rest of the expansion. The physical interpretation of the
correction terms is that they represent the effect of the shielding of the back part of the
hadron by its front part. This shielding effect is completely analogous to that of the
Glauber model description of hadron-nucleus scattering.

A serious drawback of the eikonal formula Eq. (2.6) is that it clearly ignores the ex-
istence of diffraction dissociation. It may well happen, however, that the colliding hadrons
dissociate in the first scattering and recombine in the second one. Contributions of this
type should also be considered, and they may well turn out to be important.

Figure 4 illustrates some of the lowest-order rescattering contributions to elastic
and inelastic diffraction. These and other more complicated absorption effects are dis-
cussed in Section 4.

We close this section by summarizing the main problems of diffraction scattering, when
analysed in the shadow approach:

a) What is the "driving force'" amplitude?
b) What are the couplings?
c) What are the absorption corrections?

These three problems are illustrated in Fig. 5.

LOW-MASS EXCITATION

3.1 Diffraction dissociation; general features

Let us now turn to a discussion of the new results on exclusive diffraction dissocia-
tion processes. The channels that have been studied in most detail are

mN > (3m)N (3.1a)

KN -~ (Kwm)N (3.1b)

NA -~ (Nm)A } (3.1c)
A=m, K, N.

NA > (Nwm)A (3.1d)

These processes share many common properties with elastic scattering. Let us list
the most important ones, illustrating them by new data.

3.1.1 Weak energy dependence

In the low-energy range (p1ab < 30 GeV/c), the elastic cross-sections decrease slowly
with increasing energy. Above 50 GeV/c, they become approximately constant. The elastic
proton-proton scattering cross-section rises by x 10% over the ISR energy range.

The cross-sections of the inelastic processes (3.1) show energy dependence very similar
to that of elastic scattering. For laboratory momenta below 30 GeV/c, they decrease slowly
with increasing momentum. The new data presented at this Conference show that the cross-
sections of the processes (3.1c) and (3.1d) are flattening out at the Fermilab energies and
maybe even rising at the ISR.
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Figure 6 shows Fermilab data on the neutron dissociation process np - (pm )p, coming
from the FNAL-Northwestern-Rochester-SLAC Collaboration experimentle). No energy dependence
is visible for energies between 50 and 300 GeV/c.

In Fig. 7, cross-sections are shown for the processes pp - p(pn+w_), PP ~* p"N*(1520)",
and pp ~+ p”N*(1688)" as a function of incident laboratory momentum' >2*). It is seen that,
for the N*(1520) and N*(1688) production, an extrapolation of the Pigp < 30 GeV/c data badly
undershoots the new ISR points. This shows that the cross-sections are flattening out or
maybe even rising.

The over-all conclusion to be drawn from the present data is that the energy dependence
of low-mass diffraction dissociation is approximately similar to that of elastic scattering**).

3.1.2 Peripherality of do/dt and the '"mass-slope correlation'

The differential cross-sections of both the elastic and the inelastic diffractive pro-
cesses are steeply peripheral. They may be roughly described by exponential parametrizations:

In the elastic scattering processes, the logarithmic slope b varies between 8 and
12 (GeV/c)-z, depending on the process and on the s- and t-ranges under study. For an up-
to-date compilation of data and discussions, see A. Wetherell's talkzz).

In the diffraction dissociation processes, the slope of the differential cross-section
varies stroﬁgiy with the mass of the excited system, being large near the threshold and de-
creasing rapidly with increasing mass. Figure 9 shows data on this '"mass-slope correlation"
in the process np -~ (pr~)p. The data come from the FNAL-Northwestern-Rochester-SLAC Colla-
boration experimentle). The effect is seen to be very strong. At the lowest masses the
slope is nearly twice as large as that of elastic proton-proton scattering. At masses
300-400 MeV above the (pn~) threshold it has decreased to a 1ével of approximately half of
the elastic slope.

The mass-slope correlation is a general property of all diffraction dissociation pro-
cesses. Its physics is not fully understood. The old explanation in terms of the pion ex-
change Deck effectza) has been known for some time to be inadequatezu). Some more recent

ideas based on the impact parameter picture are discussed in Section 4.

*) In this ISR experiment, the nucleon resonance excitation cross-sections were extracted
from the data by fitting the mass spectra with a fornula describing two Breit-Wigner
resonances plus a polynomial background. The fits are shown in Fig. 8. No attempt
was made to evaluate if the peaks seen in the mass spectra around 1500 and 1700 MeV
really correspond to the 3/27(1520) and 5/2*(1688) baryon resonances, as the notation
used in Ref. 19 and above would indicate.

**) The only evidence against this result c?mes from the ISR Split-Field Magnet experiment
carried out by the CHOV Collaboration?°), Their cross-section for the process pp +
+ p(nm™) presented a year ago at the London Conference seems|to be very low. The CHOV
data are still unpublished and they may have some normalization problems?!). It seems
to me to be best not to draw from these preliminary data any conclusions which are sen-
sitive to the over-all normalization of the data but to wait for the final results of
the experiment.
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3.1.3 Shrinkage

The differential cross-sections of both the elastic and the inelastic diffractive pro-
cesses shrink. The speed of this shrinkage may be described in terms of an "effective"
Pomeranchuk trajectory as follows:

20 (t)-2
G| i (2] ()

One may extract the trajectory function ap(t) directly from the data by comparing data
at two (or more) energies. In Refs. 25 and 26 the trajectory function has been evaluated
from the proton-proton elastic scattering data. In the small-t range, the result may be
parametrized by the linear formula uP(t) = 1.05 + 0.27 t.

The data of the inelastic diffractive processes are much less accurate than those of
elastic scattering. While it is clear that the inelastic data shrink too, it is rather
difficult to quantitatively evaluate the speed of this shrinkage. A comparison between the
slopes of the process pp + p(nm*) at 24 GeV/c 27) and 1500 GeV/c 20) is shown in Fig. 10.
The speed of shrinkage is seen to be roughly the same as in elastic scattering. There may
be some indications in the data that the speed of shrinkage depends on the mass of the nm*
system. It may be, however, that this effect is caused by the disappearance of the meson
exchange contributions which should be present at 24 GeV/c, particularly in the mass region
above 1.6 GeV/c.

3.1.4 Vacuum quantum number exchange in the t-channel

The best evidence for the vacuum quantum number (I = 0, C = +1) assigmment to the
Pameranchuk singularity is provided by the elastic scattering data. By combining the data
using different beams we may extract the cross-sections corresponding to t-channel exchanges
with I = 1 and/or C = -1. These cross-sections are seen to decrease as a power of the in-
cident mamentum'[see Wetherell's talkzz)]. This energy dependence may be contrasted with
the approximately constant or rising s-dependence of the I = 0, C = +1 contributions.

While there exists no experimental evidence for a C = -1 component of the Pomeranchuk
amplitude, the data do not rule out the possibility that such a component of the size of a
few percent of that of the C = +1 component existed. It would be useful to push the experi-
mental upper limit for it further down. The other possibility, namely that such a component
were found, would obviously be even more interesting.

In the diffraction dissociation processes, isospin analyses have been carried out by
several groupsze). These analyses allow us to separate the contributiions corresponding to
the I = 0 and I = +1 t-channel exchanges. The results are in good agreement with the I = 0
assigmment of the Pomeranchuk amplitude.

3,1.5 SU(3) nature of the Pomeron

That the difference between the mp and Kp total cross-sections persists at Fermilab
energies clearly shows that the Pomeranchuk amplitude has sizeable SU(3) non-singlet con-
tributions. Diffraction dissociation data indicate a similar breaking of the inelastic
Pomeranchukon couplingszg).
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A very elegant explanation for the SU(3) breaking of the Pomeron couplings is provided
0)

of the couplings is directly related to the SU(3) mass-breaking effects. For a summary of

by the 'tensor-dominance' scheme of Carlitz, Green and Zee® In this scheme, the breaking

some recent applications and tests of this scheme, see the talk of T. Inamial).

Another scheme has been suggested by Pumplin and Kaneaz). These authors study the con-
tribution of the two-particle cut in the t-channel to the Pomeranchukon amplitude. They
show that the two-pion cut provides a large contribution to the total cross-section (typically
about 1/4 of Gtot) but its "heavier" SU(3) analogs (the KK-cut, etc.) are kinematically
suppressed. This gives rise to an SU(3) non-singlet component of the Pomeron.

The Pumplin-Kane scheme is similar to the tensor dominance model in the respect that
also in it the breaking of the Pomeron couplings is caused by the SU(3) mass-breaking effects.
The two schemes differ, however, in their quantitative predictions.

Let us close this section by concluding that, independently of any theoretical consid-
erations, the above results provide strong evidence for the elastic and inelastic diffrac-
tion being governed by the same dynamics.

3.2 Mass dependence and spin structure

3.2.1 Low-mass structures in meson dissociation

The mass spectra of the dissociation processes (3.1a) to (3.1d) show all very similar
behaviour. They rise rapidly from threshold*), reach a maximum about 250 MeV above the
threshold and fall steeply off towards zero. In the peak region, structures are visible.
They are caused by resonances and/or by the opening up of new decay channels.

The similarity between pion and kaon dissociation has been known for several years.
The (3m) mass spectra of the process (3.la) shows three major structures: the A, A,, and
A, peaks. The corresponding structures in the (Kmm) spectra of the process (3.1b) are the
Q, K*(1420), and L peaks. The main properties of these peaks are:

Transition Peak Mass | J¥ 322;;ant
(GeV) channel
A 1150 | 1* om
m > (mmm) A, 1310 | 2* om
, 1640 | 27 £
Q ~ 1300 | 1% | KT (890)m
K~ (Kkmm) | K¥(1420) 1420 | 2* | K" (890)m
L 1770 | 27 | K*(1420)

The A, and the K*(1420) are "bona fide' resonances whose resonance status is unquestion-

able. A comparison of the results of the partial-wave analyses carried out at several ener-

33,34)

gies shows that, at high energies, the A2 meson is diffractively produced The reason

*) By threshold we mean here that of the dominant decay mode.
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for the diffractive contribution to its production being much smaller than that to A, or
A; production is that A, has the "wrong' parity: a natural parity state produced via natural

5)

parity exchange is necessarily produced in a helicity flip state®®) and therefore strongly

suppressed in the forward direction.

Since the A, meson is diffractively produced, one obviously expects its SU(3) partner,
the K" (1420) meson, to be, too. The data are still inconclusive regarding this question.

It has become clear that the A, A,, Q, and L peaks are not simple, well-defined
Breit-Wigner resonances but much more complicated objects. The data do not rule out the

possibility, however, that part of these peaks would be due to normal resonances"). A

popular non-resonant explanation for these peaks is provided by the Deck model”’”) .

The ABBCHLV Collaborationzg) has carried out a detailed comparison between the reac-
tions (3.1a), (3.1b) and their much less studied KK production analogs:

™ > (TKK)N (3.2a)
KN > (KKKN . (3.2b)

It is interesting to compare the relative magnitudes of the cross-sections of the above
four processes to each other and to the elastic cross-sections. At 16 GeV/c, the following
cross-section ratios are obtained:

Opap(€lastic): o bk 1yt Oy = 1000 (12.4 + 1.4): (0,69 + 0.09) (3.3)

= 100: (12.6

I+

1.5): (0.52

+

cK_p(elastic): °(K‘1r+1r')p: O(K_K—.-K-)p 0.09) (3.4)
Here, the cross-sections for the three-meson production channels were obtained by applying
a cut in the three-meson kinetic energy (Qeff <1 GeV).

From the above results we see that

i) at 16 GeV/c, the pion pair production in the dissociation of the incoming meson
(M > Mnm) is about 20 times more probable than kaon pair production (M - MKK) and
about 8 times less likely than elastic scattering, M + M;

ii) the close similarity between Eqs. (3.3) and (3.4) suggests that the dependence of the
three-meson cross-sections on the beam-like meson in the final state may be factor-
izable, even though this meson is produced in a low-mass three-meson cluster.

The mass spectra of the above four reactions are compared in Fig. 11. Their similarity
is seen to be rather striking.

The results concerning the cross-section ratios and the mass spectra are only two par-
ticular examples of those obtained in the study of Ref. 29. Many other properties of the
dissociated systems were also compared. The results obtained are summarized by P, Schmid”).

The similarity between the pion and kaon dissociation processes is not unexpected, since
the pion and the kaon belong to the same SU(3) multiplet. There exists, however, a more
general argument which suggests that not only should the pion and the kaon dissociation pro-
cesses look alike, but that all‘ihadron dissociation processes should be '"semi-locally" simi-
lar to each other., This argument, which has been called "semi-local" factorization, follows
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from combining factorization with Dolen-Horn-Schmid type semi-local dualityw). The idea
is illustrated in Fig. 12,

Semi-local factorization has been successfully checked so far in diffraction dissocia-
tion and in non-diffractive kaon and pion excitation processes“). Figure 13 shows one of
the tests. It would be very interesting to carry out more detailed comparisons between the
. meson dissociation processes and the baryon excitation reactions N +~ (Nm) and N »~ (Nwrm).

3.2.2 Spin structure

The spin and helicity structure of diffraction dissociation has attracted much interest
in the past few years. An important boost to this research has been given by the develop-
ment of a partial-wave analysis program (''Ascoli' program) at the University of I1linois*?’ +3) .

To the eyes of a layman this program appears as follows:

DATA N \
INPUT o BLACK \ JPL
N\
N\ BOX N\ [DECAY MODES
MANY - N\ (130 sub- routines) PHASES
PHYSICAL —
ASSUMPTIONS N

By this sketch I by no means want to belittle the importance of the PWA programs. I
fully agree with the opinion which Dr. French expressed in his talk“) that the development
of the PWA programs has beer a major contribution to the study of quasi two-body production
processes. The reason for drawing the above sketch is that I wish to emphasize that the
Ascoli program is a very sophisticated piece of machinery which uses as its input many
physical assumptions. Experience has shown that while the main features of the output
(such as the dominant partial waves) are relatively insensitive to the assumptions made,
the "fine-structures'" of the results may depend crucially on these assumptions. This should
be kept in mind when drawing conclusions fram the PWA results.

The spin structure of meson dissociation processes has been studied in eight papers

. . 29445~
contributed to this Conference’’”"’ 51)

Although these works contain much useful and de-
tailed information, their results are in general in good agreement with those of the earlier
studies. They rather confirm and sharpen the existing picture than bring qualitatively new
features into it. For this reason I shall not discuss these papers in detail*) but focus
my attention on three new results which, in my opinion, are particularly interesting.

The first of them concerns the total cross-sections of unstable meson systems on nu-
cleons. The technique for extracting such cross-sections is well knownsa) . One measures

the coherent production cross-section of, for example, the following process

*) The partial-wave analysis results_on meson dissociation are reviewed in detail in a
forthcoming paper by A. Eskreyss2).
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m+ A~ (mm) + A (A = nucleus) ,

for several nuclei. The observed dependence of the cross-section on the atomic weight A of
the target nuclei is then fitted by an optical model parametrization which has only one free
parameter: the total cross-section of the unstable three-pion system on mucleons. This
technique has been previously used to measure the total cross-sections of the low-mass 3m,
5m, Knm, Nm, and Nrm systems on nucleons, with the surprising result that these cross-sections
are of the same size as the corresponding particle-particle cross-sectionssl') . This result
provides very interesting information on the time evolution of the hadronic transitions.
Apparently the rescattering in the nucleus happens so soon after the creation of the unstable
system that this system has not yet had time to decay. It rather behaves as a "lump' of
hadronic material of approximately the same spatial extension and opaqueness as those of the
parent particle.

The new result comes from the CERN-ETH (Zurich)-Imperial College-Milano Collaboration
experimentss) . In this experiment, the production cross-section of the process nt + A +
“n” + A at 15 GeV/c was measured for nine different nuclei ranging from beryllium (A = 8)
to lead (A > 200). A partial-wave analysis of the produced 3w system was carried out, and
the A-dependence of the cross-sections of the I = 0" and 1* states were studied. The re-
sult is shown in Fig. 14. By fitting these data by means of the K81big-Margolis optical

modelsa) , the authors obtained the following total cross-sections:

>

O,tOt(no'n N) = 49tg mb , (3.5)
Opor (" N) = 15,8713 mb (3.6)
' P

We see that the total cross-section of the J = 0~ three-pion state on nucleons is
roughly three times as large as that of the JP = 1* state. This result is totally unexpected
and no theoretical explanation for it exists, as far as I know.

The second result to which I wish to draw your attention concerns the helicity conser-
vation properties of diffraction dissociation ) .

It has been known for several years that the transitions m + (mmm) and K + (Knm) badly
violate s-channel helicity conservation but approximately conserve helicity in the t-channel.
Elastic scattering and vector meson photoproduction, on the other hand, conserve helicity
in the s-channel in a good approximation. In the nucleon transition N + (Nm) neither s- nor
t-channel helicity is conserved.

This messy picture is further complicated by the new results, reported by the
ABBCHLV Collaboration"s'”) . In Ref. 45, a partial-wave analysis was performed of the (Kmm)
system produced in the process K'p ~ (K'n"n)p at 10 and 16 GeV/c. In the Q-mass region it
was found that the two dominant states, K'r and Kp, both in 1*S wave, were produced with
different polarizations -- helicity being approximately conserved in the t-channel for
K'r and in the s-channel for Kp. The s-channel density matrix element pgﬁ) of the Kp state
was measured to have the value pgi) = 0.95 + 0.10. This result shows that s-channel helicity-
conserving inelastic diffractive processes do exist (vector meson photoproduction should
probably be classified rather as elastic than as inelastic scattering) and, also, that the
Q enhancement is a composite object.



- 21 -

10_||||| T T T T TT17TT] T T
| All
N events
s F ~—0,=20015 mb
E
! N
6
Ot
0.1 —
vl L Lol ! I
10 100
A

Fig. 14 Production cross-sections of the 3m system and of the
0~ state for different target nuclei at 15.1 GeV/c.
iCurves correspond to the A dependence as given by the
loptical model with o, as parameter (from Ref. 55).
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In Ref. 57, results were reported on the process K'p + (K w)p at 10 and 16_GeV/c. For
low Kw masses the cross-section was found to be compatible with constant energy dependence,
and hence with diffractive production of this system. A study of the density matrix elements
of the JP = 1* state gives the following results:

pgi) = 0.66 + 0.07 (s-channel) (3.7a)
o) = 0.45 + 0.06 (t-chamnel) . (3.7b)

00

Thus, also in this process the helicity is closer to be conserved in the s-channel than in
the t-channel. Here, however, the s-channel helicity conservation is much more approximate
than in the previous process.

The third result concerns the following question: How does the average spin (J) of a
diffractively produced system depend on the mass of this system? The answer to this prob-
lem was provided by the ABBCHLV Collaborationzg), who calculated from their PWA results the
function (J) versus M for several reactions. Figure 15 shows the spin-mass correlation of
the transition m -+ (mnw). It is seen to be linear, with slope of the order of 1.1 Gev™! =
~ 0.22 fm. The results for the other channels studied are similar, but the statistics are -
poorer.,

Let me present some very simple impact parameter considerations in order to explain this
linear spin-mass correlationse). Picture the hadrons as extended objects, built up by con-
stituents of some kind, and assume that the "hit" that causes the m » (wnm) transition
happens locally in impact parameter. This is illustrated in Fig. 16. Let me call the small
energy-momentum quantum exchanged by the colliding particles the '"Pomeron'. The t-channel
momentum transfer plays the role ?f the mass of this Pomeron: mﬁ =t.

Consider now the '"Pomeron-pion collision'" in its c.m. frame. We have the following

situation:
1
T
|
- M,J
P, \
|'P
-pcm -

By ignoring the Pomeron spin, we can write for the total angular momentum of the initial
Pomeron-pion state

J=L=bP_ +c. (3.8)

Here, c is a constant representing some sort of ''zero-point angular momentum''.

It follows from angular momentum conservation that the total spin of the final state
(3m) system is also given by Eq. (3.8).
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The c.m. momentun of the Pomeron-pion system is given by the formula
-1 2 v2_ w2
Pon = o VA MM M) (3.9)

Here, M is the total energy of the Prm collision, mf, = t is the square of the '"Pomeron mass',
and A (x,y,z) = (x-y-z)? - 4yz.
Owing to the smallness of the pion and the Pomeron masses ((t) =~ -0.15 GeV?), one has

in a very good approximation

P~ %M ) (3.10)

By substituting this result into Eq. (3.8), assuming the impact parameter b to be
approximately independent of M and averaging over the impact parameters, one obtains the
following result:

(J) = % (B M+c. (3.11)

A comparison of this formula with the empirical law

(J)=AM+c, A= 1.1 GV, (3.12)

gives us

(b) = 2 A ~ 2.2 GeV™* =~ 0.45 fermi . (3.13)

One may interpret this value, 0.45 fm, as the average interaction radius of the
Pomeron-pion collision.

From elastic scattering analyses we know the radius of the proton to be larger than
that of the pion and, furthermore, that the radius of the pion is larger than that of the
kaon. Consequently, we may expect the spin-mass correlation slope A to be largest in the
baryonic transitions, medium in the pionic transitions, and smallest in the kaonic transi-
tions. The available data are consistent with this prediction but do not provide a strin-
gent test of it.

The above analysis is obviously simplified and I have deliberately presented it in a
rather picturesque way. I believe, however, that its physical ideas are essentially correct.
The linearity of the spin-mass correlation is due to the spin being '"born" in the form of
orbital angular momentum,| and the slope A of this correlation reflects the radius of the
spatial volume in which the transition happens.

3.3 Partial-wave analysis of pp » p(prtn™)

The first partial-wave analysis of nucleon excitation processes has been reported to
this conference by the Bonn-Hamburg-Munich Collaboration“) . Their results are briefly out-
lined below.

They have analysed the structure of the (prn*n~) system produced in the proton dissocia-
tion process

pp »> p(pr'n7) (3.14)
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at 12 and 24 GeV/c. To increase the statistics, the 12 and 24 GeV/c data were combined.
In this energy range and for low (pr*n”) masses, the above process is almost purely diffrac-
tive.

‘The analysis was performed by using a modified version of the Illinois PWA program,

due to Kotanski”)

In Fig. 17 the (pn*n~) mass distribution for the combined 12 and 24 GeV/c data is
shown. It displays the two well-known enhancements at ~ 1470 and ~ 1700 MeV. These struc-
tures have in the past been studied in great detail®'?®?),
data, Boesebeck et al.“) have deduced the following "world" averages for the values of the

From a large compilation of

masses and widths of these peaks:

Peak Mass Width
(MeV) MeV)
'N*(1470)" | 1453 + 8 80 + 9

I+
(=)}

"W*(1710)" | 1712 + 3.4 | 60

The Bonn-Hamburg-Munich Collaboration data are consistent with these values.

In most earlier work, the 1470 and 1710 peaks have been interpreted as being due to
the production of the 1/2*(1470) ("'Roper') and the 5/2%(1688) isobars, respectively.

The contributions of the different spin-parity states are shown as functions of the
(pr*n™) mass in Fig. 18 for I = 1/2%, 3/2°s (a**1), 3/2°P (pe), and 5/2° waves. From
these plots we may draw the following conclusions:

i) The JP =1/ 2" contribution does not show any particular structure up to a (pm*n~)
mass of 2 GeV.

ii) The = 3/2” contributions display distinct structure. The S-wave (A**17) decay
contribution peaks at ~ 1470 MeV and that of the P-wave (pe) decay at ~ 1680 MeV.

iii) The 5/2* contribution peaks at ~ 1720 MeV.

These results show that the conventional interpretation of the 1470 and 1700 MeV peaks
is incorrect. The former peak is not due to the Roper resonance but is due to a 3/2” state.
The 1700 MeV peak is mainly due to a 3/2” state but also receives contributions from the
5/2% wave. By counting the events above hand-drawn background curves, we may estimate the
ratio of the 3/2” to the 5/2% contributions to be approximately two to one.

We may attempt to identify the observed peaks with the numerous isobar states decaying
into prm proposed by phase-shift analyses of formation experiments in the 1.4-1.8 GeV
mass region“). Possible candidates are, for example, the P = 3/2” resonance at 1520 MeV,
the claimed JP = 3/2° P-wave resonances") with a dominant pe decay mode at ~ 1700 MeV, and
the well-established JP = 5/2% resonance at 1688 MeV. The masses and the widths of the
peaks seen in Fig. 18 differ considerably from those of the above isobars. This may not,
however, altogether rule out the identification, since it is well known that analyses of
formation and production experiments may yield different values for resonance masses and
widths.
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Fig. 17 Combined (p‘lT+7T-) mass distribution for 12 and
24 GeV/c for the reaction pp + p(pntn™) (from

Ref. 59).
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In order to examine further the nature of these structures, the authors studied the
variation of the phases of the different partial waves with the (pmm) mass. Before showing
their results, let me briefly remind you of the results which have been previously obtained
in the analyses of the pion transition m » (mmm). Figure 19 shows the beautiful Breit-Wigner
behaviour of the phase of the 2" wave in the A, mass region, as deduced in the CERN-IHEP
analysis“). In this and other experiments“), the phases of the 1+(A1) and 2° (A,) waves
were found not to vary (relative to the phase of a smooth 'background" wave). This result
has been cammonly interpreted as strong evidence against the resonance interpretation of
the A; and A, enhancements.

Returning now to the Bonn-Hamburg-Munich experiment, the best state which can be used
as reference to measure the phases is the 1/ 2P (A**17) state, since it does not display
any resonance structure and is sizeable over the whole (pnm) mass region. The phases rela-
tive to this state are shown in Fig. 20. One sees that the phase of the 3/2°S wave is not
completely inconsistent with a Breit-Wigner behaviour around 1500 MeV. The phases of the
3/2°P and 5/2*P waves, however, do not offer even a hint of such a resonance behaviour in
the 1700 MeV mass region! To show how a Breit-Wigner phase variation compares with the
data, I have drawn in Fig. 20c a curve corresponding to the A, phase shown in Fig. 19.

To close this section, I wish to make the following remarks. Firstly, the above re-
sults imply, in my opinion, that the case of the nature of the A and A, peaks should be
reopened. If the (pmm) peaks are normal resonances but their phases (relative to that of
the "background" amplitude) do not vary, it should be obvious that the observed lack of
phase variation in the A, and A, production should not be regarded as evidence against these
states being resonances. Secondly, it is important that the results of the Bonn-Hamburg-
Munich Collaboration analysis are checked by other independent analyses. Finally, in order
to obtain a more complete picture of nucleon dissociation, it would be very useful to carry
out partial-wave analyses also of the single-pion production processes pp + p(nr*) and

np ~ (pm )p.
3.4 Decay

The Fermilab-Northwestern-Rochester-SLAC Collaboration has presented interesting new
data of the diffractive process

np~> (p7 ) p (3.15)

at energies ranging from 50 to 300 GeV/c 13). Since these data are reviewed by T. Ferbelm),
I shall not discuss them in detail but restrict my remarks to one feature of the data which,
in my opinion, provides particularly useful new information.

The decay of the (pn~) system in the above process may be described by two decay angles:
a polar angle 6 and an azimuthal angle ¢. Usually the analysis is carried out either in
the t-channel helicity frame (the Gottfried-Jackson frame) or in the s-channel helicity
frame. The two-dimensional cos 6 - ¢ distribution contains much useful information and
may be used to isolate different contributing production mechanisms. This is discussed in
detail in Refs. 38 and 66.

Before showing the FNRS Collaboration data on the decay distributions, let me make two
theoretical predictions.
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The first one follows from the.assumption of t-channel helicity conservation. Consider
the decay in the Gottfried-Jackson frame shown below. Helicity conservation in the t-channel
implies that the helicity of the Pomeron is zero. Consequently, the Pomeron is unable to
carry any angular information over from the pA-pA—P vertex to the P—pB—n'—n vertex. The
distribution in the Treiman-Yang angle by (defined as the angle between the pA—pj’\-n and
P~ -n planes) should then be flat, girrespective of the value of the polar angle 6 7 The
two-dimensional cos 6 3 b1y distribution should appear as follows:

21
q)‘ry mrr—1T—1—— — —F—-
20 40 60 80
0
-1 cos0, 1

i.e. the isoclines (curves corresponding to constant values of the distribution) should be
parallel to the Sy axis.

Let us next work out the prediction of the Deck model. Consider first the pion ex-
change Deck graph shown below:

Pa

-

n_____.——-‘<::E;7“--._‘\5 P r SZ

t, B

The matrix element corresponding to this graph is the following (the variables are in-
dicated in the figure):

M) = g, (t)) g,y (s (s,)0n(t2) (3.16)

Here, gl(tl) and gz(tz) are peripheral functions of the momentum transfers, and aP(tl) =
=1+ 0.3, and a“(tz) =~ -0.02 + t, are the Pomeron and pion Regge trajectories, respec-
tively. The peripherality of g, (t,) is due to the diffractive pA—p]\-P vertex and that of
|82 (t2) to the pion propagator \(tz-m;)-l.
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From the kinematical relationship

s, S
—L "2 . constant (3.17)

we see that the Pameron and the pion exchanges share the available total energy s. The
Pomeron exchange, having a higher intercept, wins this competition. Thus the sub-energy

' s, tends to become maximal. This gives rise to a by dependence: the pion likes to be
aligned in the pA-pA—n plane but to go in a direction opposite to that of the proton p[’\ ¢7),
The qualitative prediction for the cos 6y - ¢py distribution is now obvious. This distri-
bution should peak near cos 6 5= +1 and ¢TY = 0:

Another possible contribution to the above process is provided by the baryon exchange
Deck graph shown below:

Pa——a Pa

The above considerations apply also to this graph, except that now the roles of the pion
and the proton py are reversed. We see that this graph should provide a contribution that
peaks near cos 6y = -1 and dpy = T

21

-1 cos 0, 1
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When both mechanisms are present, we expect to see a distribution of the following type*):

Let us now look at the experimental data. Figure 21 shows the FNRS Collaboration data
on the cos GJ - ¢TY distribution of the process (3.14), for mass and t-ranges 1.08 < M < 1.25
and 0.02 < |t]| < 0.10. A strong resemblance is seen between the experimental distributicn
and the qualitative Deck model prediction discussed above.

By integrating the |experimental distribution over the cos 6;>0 and cos 65 < 0 regions,
we see that these regions contribute an equal amount to the cross-section (the numbers of the
data points used to make the plot of Fig. 21 are 1393 for cos 65> 0 and 1455 for cos 65 <0).

Figure 22 shows the t-distributions for the samples with cos 6;>0 and cos 6y < 0.
They are very different. For the forward decay sample, the small-t slope is around
% 13 (GeV/c)~2. For the backward sample it is = 20 (GeV/c)-z. Both the forward and the
backward data show a sudden change of the slope around t = -0.2 GeV2. A simple explanation
for this break is that it is due to the non-flip amplitude vanishing at this t-value. This
is discussed in detail in the next section.

The above results teach us an important lesson. In the process np -~ (pn~)p, the regions
corresponding to forward and backward decays of the (pn~) system seem to be dominated by
different production mechanisms. In the Deck model these are the pion and the baryon ex-
change mechanisms, respectively. They are seen to contribute with approximately equal strengths.
This contradicts past practice and the belief that the baryon exchange mechanism may be ig-
nored in the Deck model. It is important to study whether the proper consideration of the
baryon exchange contribution will remove some of the arguments presented against the (pion
exchange) Deck model.

3.5 Cross-overs

A novel application of the physical ideas just discussed was suggested by Bergerss)
and carried out by the ABBCH Collaborationse). It is the following.

Consider the proton dissociation processes
™ p >t (At , ' (3.18a)

™ p 1 (At . (3.18b)

*) Our sketches are qualitative only; in particular, we neglect the obvious kinematical
constraint of isotropy in ¢q, for cos 65 = +1. Owing to the limited statistics, this
effect is also not visible 1n the data.
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We may draw the following pion and baryon exchange Deck graphs for these processes:

T[: ) T[i TE: T[:
‘~.--é§§§§::::::;F At
é o AN»
/\ + -
P b p T

In these graphs, the shadowed blobs represent the full mm and A elastic scattering ampli-
tudes.

Assume now that mm and mA elastic scattering show the same cross-over systematics that
are shown by m*p, K*p, and p*p scattering, i.e. that the cross-sections of the antiparticle-
induced processes are larger than those of the corresponding particle-induced processes,
and that they cross-over each other somewhere around t x -0.2 GeV2. Looking at the above
Deck graphs, we immediately see that the two graphs make opposite predictions for the sign

of the cross-over of the differential eross-sections of the processes (3.'18).

By applying cuts in the @ 3~ 01y angles we may obtain samples of data with enriched
contributions from the pion and baryon exchange mechanisms, respectively. This selection
)

may be performed even better in the s-channel helicity frame™’ .
tions cos ¢ s >.0 and cos ¢ s < 0 should enhance the pion exchange and the baryon exchange

In this frame, the selec-.

contributions, respectively.

The Deck model predictions may be summarized as follows:

do do
at cos &.>0 at f cosds <0
- nt
t o
! -— | —
0 -0.2 t(GeVv?) 0 -02  t(Gev?)

*) The use of the s-channel helicity frame angles has recently been advocated by Bergeraa’ss).
These angles have many nice gg‘operties which make them particularly suitable for the
above type of studies?"»38:6%),
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The experimental differential cross-sections of the processes (3.18) at 16 GeV/c for
the samples with cos ¢s > 0 and cos ¢s < 0 are shown in Fig. 23. The above theoretical
expectations are seen to be borne out by the experiment in a rather striking way. The re-
sult in this figure obviously provides stfong support for the exchange-model ideas.

The results of this and the previous section clearly show that the production and the
decay of the diffractively excited systems are not independent but strongly correlated. It
is very important to pursue the study of these correlations further. They may well provide
us with much new insight into the dynamics of diffraction dissociation.

PROGRESS IN UNDERSTANDING ABSORPTION

A considerable amount of phenomenological and theoretical work on the structure of
absorption corrections has been done in the past year. Here we shall discuss same of the

)

phenomenological results. Progress in the "hard'" theory is reviewed by A. Schwimmer /.

4.1 Peripheral picture of diffraction dissociation

In théuﬁasf year, phenomenological evidence has been mounting for <nelastic diffraction
(unlike elastie diffraction) being peripheral in impact parameter space*) . In the past,
many authors have speculated that this could be so. Their belief has been based partially
on intuition, partially on field theoretical model calculations. The new high-energy data
provide strong support, although not an indisputable proof, for the peripherality of in-
elastic diffraction.

0,69)

* . .
tion process pp > pN*, where N stands for any low-mass diffractive state, resonant or non-

Let us begin with a simple model calculation’ Consider the diffraction dissocia-

resonant. Denote the mass, spin, and helicity of this state by M, J, and A, respectively.
The momentum space and impact parameter space amplitudes of this process are related by a
Fourier-Bessel transform as follows:

B, (s,tM2) = [at 34, 6/ B (5,b,M7) (4.1)

Here, AM is the net s-channel helicity flip of the amplitude.

Let us now assume that the impact parameter profile of the above process is peripheral.
In the first-order approximation, we may describe it by a §-function. Ignoring any depen-
dence on M, J, and A\, substituting the &§-peak amplitude in Eq. (4.1), and performming the
integration, one obtains :

b, (5,E,M2) ~ 3, RFD) 4.2)

Giving the b-space profile a finite width would modify this result, in the first approxima-
tion, by a smooth decreasing "modulating function'', such as an exponential:

Wy (s,tM) = &2 g R/AE) 4.3)

*) The \ggrd "peripheral" is cammonly used to describe a process whose t-distribution is
steep,” as well as one whose impact parameter profile peaks at the edge of the absorption
region. We use this word here in the latter meaning only.
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Fig. 23 Momentum transfer distributions for events with a) cos ¢ > 0

b) cos ¢g < 0 and 1.3 < m(n™A**) < 1.9 GeV (from Ref. 68?.
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The formula for the differential cross-section is given by
M=+J

2
do _ J 23 . 2at , -
prrvol E th(s,t,M )| = E e JA)\(R'/ t)

J, A\ M=-J

2

4.4

Assume now that only the non-flip amplitude contributes significantly. Then the differ-
ential cross-section should behave qualitatively as ~ |J 0 (RV-1) [2. For R = 1 fermi, the
Bessel function J (R/-t) has its first zero at t = -0.2 GeV2. Consequently, the differen-
tial cross-section should exhibit a diffraction minimum at this particular t-value.

Experimentally, the assumption of non-flip dominance in diffraction dissociation is
known to be false.; The results discussed in Section 3 suggest rather the following behaviour.
When the mass of the excited system is close to the threshold, its spin JM?) is low and
the contributions of the helicity flip amplitudes may be small. Thus, in this mass range
the Bessel function shape n |J, (R/-T) |2 may be visible. Increasing the mass of the excited
system, its spin increases rapidly, helicity flip amplitudes get stronger*) , and the differ-
ential cross-section flattens out. This development is illustrated in Fig. 24.

Let us now look at the experimental data. The results of the Fermilab-Northwestern-
Rochester-SLAC Collaboration on the process np + (pn~)p were shown already in Figs. 9 and 22.
In the lowest mass bin, very clear structures at t = -0.2 GeV? are visible, in particular
when the cut cos 6 3 < 0 is applied.

Figure 25 shows the ISR Split Field Magnet data of the CHOV Collaboration on the pro-
cess pp +~ p(nr') at 1500 GeV/c 20). At masses near the (nm*) threshold, clear structures
in the vicinity of t = -0.2 GeV? are again visible. Indeed, we do not need much imagination
to see the Bessel function shave |J,(R/~T) | % in the data! The curves drawn in the figure
are from an impact parameter model calculation of I-annble7°).

Similar small-t structures are present also in the 19 GeV/c Scandinavian Collaboration
data“) and the 12 and 24 GeV/c Bonn-Hamburg-Munich Collaboration data“) on the process
pp > p(nr’).
Finally we show in Fig. 26 data on the double diffraction dissociation process
pp~> (prm) (prn)
(4.5)
L "N*(1470)" .

These data come from the ISR experiment of the Pavia-Princeton Collaboration”). The break
-- or dip -- seems now to be at somewhat larger t-values, |t| = 0.4 - 0.5 GeV2. The curves
drawn in the figure were obtained by fitting the formula

do bt|® ct

i J,R/~T) +ae e (4.6)

to the data.

*) The transitions m + (wnmm), K~ (Knm), and N + (Nwm) are experimentally known to approx-
imately conserve t-channel helicity. This implies that the s-chamnel helicity flip
amplitudes become stronger when the mass of the excited system increases. For the tran-
sition N + (Nm) the situation is unclear.

¢
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Fig. 24
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Schematic illustration of the origin of the mass-slope correlation in the peripheral
model of inelastic diffraction. a) M? small. The non—-flip amplitude dominates
faking a steep exponential t-dependence in the small t region. b) M2 large. Sever-
al helicity amplitudes contribute appreciably. The differential cross-section is
much flatter than in the case (a).
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Fig. 25 Differential cross-sections do/dt for the inelastic diffractive process pp > p(nﬂ+)

at s = 2809 GeV?

(Ref. 20).

model calculation (Ref. 70).

The solid curves are from a peripheral impact parameter
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fraction dissociation processes pp + '"N*(1470)"
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Ref, 72)
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A few remarks on the above results:

Firstly, they obviously strongly support the assumption that inelastic diffraction is
peripheral in the impact parameter space. .They do not, however, prove it. It is possible
to describe the data also without assuming the non-flip amplitude to vanish at t = -0.2 GeV2,
Here are two possibilities:

Q

do |
t

AN=0

—J—— L o
0 -02 t(GeV?) 0 -02  t (Gev?)

Secondly, it should be noticed that only a small fraction of the total inelastic dif-
fractive cross-section o dife Comes from the mass-range at which the t = -0.2 GeV? structures
are visible. Thus, even if the peripherality explanation for them were correct, this would
by no means guarantee the peripherality of the total profile o di ff(b) .

Next, consider the mass-slope correlation. Experimentally, this phenomenon is very
strong. If we ignore the spin-flip effects and make the (erroneous) assumption that the
slope of do/dt is proportional to the square of the interaction radius R, we conclude that
R decreases by a factor of 2 when the mass of the excited system increases a few hundred
MeV from the threshold!, Such a rapid variation of the interaction radius is hard to under-
stand. The peripheral picture provides us with a more appealing explanation for this phe-
nomenon. According to this picture, the correlation is mainly caused by the peripherality
of the non-flip amplitude (in the sense that the very steep slope at low masses is caused
by a zero in the non-flip amplitude and not by a very large interaction radius) and by the
increase of the contributions of helicity-flip amplitudes with increasing mass.

We may speculate that the mass-slope correlation phenomenon is caused by a combination
of the following three effects, listed in order of decreasing importance: as the mass of
the excited system, increases, a) the helicity-flip contributions increase, b) the absorp-
tion [effects grow weaker, and c) the interaction radius decreases. It would be very useful
to clarify the relative importance of these effects.

Finally, let me mention that the Fermilab-Northwestern-Rochester-SLAC Collaboration
has obtained evidence against the simple peripheral picture. They have carried out a moment
analysis of the decay of the (pn~) system in the process np - (pr7)p. Their results show
that the (Y,,) moment in the helicity frame does not change sign around t = -0.2 GeV? but
remains positive over the whole t-range 0 < [t| < 0.6 [see T. Ferbel's talk”)]. This moment
measures the interference of a helicity non-flip amplitude with a single helicity-flip ampli-
tude. Hence a zero in the non-flip amplitude should show up as a|zero in this moment.
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To conclude, we urgently need a careful s-channel anmfplitude analysis of the baryon
dissociation processes. Such an analysis would settle the question of the b-dependence of
the helicity amplitudes of these processes and thus provide us with very important infor-
mation on the dynamics of diffraction dissbciation.

4,2 Pumplin's bound

A very interesting and elegant result was derived by Pumplin73). It is well known
~ that the s-channel unitarity equation (2.1), together with the assumption that the elastic
amplitude is purely absorptive, yields the following inequality:

Oel(b) s %otot(b) s oinel(b) N (4.7

Here, oi(b) = (1/2m) doi/db2 and i = el, inel, tot, are the elastic, inelastic, and total
cross-sections, respectively, in a collision at impact parameter b. But inelastic diffrac-
tion is a special category, resembling elastic scattering in many ways. It is therefore
natural to ask: What is the proper generalization of Eq. (4.7) when inelastic diffraction
is also assumed to be absorptive? Pumplin gave the following answer:

01 ®) *+ 045 £6() € 30,5 (b) < 0 g () - (4.8)

Here, odiff(b) is the total cross-section of inelastic diffraction at the imp3ct parameter
b.

The result Eq. (4.8) was proved by Pumplin in the multi-channel eikonal model approach.
Other authors have shown that it holds in a variety of other models and approaches7“’75).

The physics underlying the Pumplin bound is particularly transparent in the diffrac-
tion dissociation picture of Good and Walker76). We shall briefly sketch a derivation of
the bound in this picture,

Consider proton dissociation on a target. Ignore for simplicity the possibility that
the target too may dissociate. Following Good and Walker, we expand the physical proton
state |1) in terms of diffractive "eigenstates' (''bare particle" states) as follows:

1) = Z Uy o) (4.9)
k=l

The states {Iwk), k =1, ...} undergo only elastic diffractive scattering, i.e. the dif-
fractive sub-section of the T-matrix is diagonal in their basis. The expansion (4.9) is
illustrated below:

- a
-—<:>~—- + 4—-(:I‘~\ + 4-—(:22:; 4 e
11> > v W;> ~

The physical inelastic diffractive states |2), ..., may be expanded similarly

li) = ;E: U |wk) where i = 2, 3, ... . (4.10)
= ; .

Introduce the notation (where S is the S-matrix)

S=1+iT=1-t. (4.11)
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Assume that the diffractive amplitudes Tij’ i, j =1, 2, ..., are purely imaginary so that
t-matrix is real. The eigenvalues of this matrix represent elastic scattering of the states

Iwkjt
te = Cultly)  k=1,2, ..., (4.12)

In the following we shall work in the impact parameter representation. We impose the
condition that the eigenamplitudes do not exceed the 1limit of maximal absorption (the "Black
Disk 1limit'):

0 < tk(b) $1 forallkandb . (4.13)

From this it follows trivially that

i

It ]2 < t, () . (4.14)

When this inequality is written in terms of the physical cross-sections, the Pumplin bound
Eq. (4.8) is obtained.

Further insight into the physical picture underlying the bound (4.8) may be obtained
from the following considerations77). According to Eqs. (4.9) and (4.12) elastic scattering
of the proton may be thought of as a three-step process: first, the physical proton decom-
poses to the eigenstates lwk), the probability that it is the k'th eigenstate being Py =
= IUlklz, then the eigenstates scatter elastically with respective amplitudes ty =
= (wkltlwk), and finally, they recombine to the physical proton.

The total cross-section (= the elastic amplitude) is given by the average value of
the eigenamplitudes weighted by their respective couplings to the physical proton state

mn

0ot ® = t;; ) = L, Upl? (ulthy

) Pt = () . (4.15)
k=1 =T

The corresponding formula for the inelastic diffractive cross-section is
ogiee(® = 5[(1:12() - (tk>2] = 1D%(b) . (4.16)

Thus, we see that the total inelastic diffractive cross-section is given by the squared
dispersion of the spectrum of the eigenamplitudes that couple to the two-proton state.
Equations (4.15) and (4.16) are illustrated below:

ty (0) =<ty (B>
Uil $ 1 ‘

N

] i 1\ [b fixed
e
o

A

0 t 1

| ]vH
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The result Eq. (4.16) expresses mathematically in a very clear way the fundamental
idea of Good and Walker that diffractive dissociation processes are regeneration processes.
In particular, we see that if all the diffractive eigenstates ("bare particle"” states in
the Good-Walker language) were absorbed equally strongly, so that the eigenamplitude spec-
trum were a 8-peak, there would be no inelastic diffraction. An example of such an extreme
case is that of the elastic amplitude saturating the black disk limit tll(b) = tk(b) =1,

We also see from Eq. (4.16) that a large cross-section for inelastic diffraction neces-
sarily implies large variations in the opacities of the strongly coupling eigenamplitudes,
and vice versa. The saturation of the Pumplin bound corresponds to a distribution that
consists of two 8-peaks, one at t; = 0 [weight 1 - t;;(b)] and another at t; =1 [weight
t ®)]. .

The phenomenological relevance of the bound was studied by Caneschi et a1.78). If the
impact profiles oel(b) and ctot(b) are known, Eq. (4.8) provides an upper bound for the
diffractive inelastic cross-section:

Odiff(b) <4 Gtot(b) - Oel(b) . (4.17)

This bound was applied to high-energy proton-proton scattering. Inserting the values of

otot(b) and cel(b) taken from an impact parameter analysis of ISR elastic scattering data7’)

on the right-hand side, the bound shown in Fig. 27 was obtained.

The total inelastic diffractive cross-section in proton-proton scattering is experi-
mentally of the same order as the elastic cross-section, i.e. between 7 and 9 mb at the
FNAL-ISR energy range. One may then attempt to ''squeeze' this amount of cross-section
below the bound of Fig. 27. By doing this exercise one quickly convinces oneself that
Gdiff(b) must be much more peripheral than Oel(b)’

In the previous section we concluded that experiments support the peripherality of
inelastic diffraction. We now see that this peripherality is a direct consequence of s-
channel unitarity. The constraint that elastic scattering of the diffractive eigenstates
of the S-matrix should obey black disk limit reflects itself in the physical diffractive
amplitudes, forcing inelastic diffraction to be peripheral, since elastic diffraction is

central.

A further interesting consequence of the Pumplin bound should be mentioned. We have
already noticed that this bound implies that if elastic scattering saturates the upper uni-
tarity bound, then inelastic diffraction must vanish. Inverting this argument one concludes
that a non-vanishing Odiff(b) gives rise to an effective upper bound for the elastic ampli- .
tude below the black disk 1imit. The saturation of such a bound would provide a simple
explanation for the empirical observation that the value of the elastic amplitude at b = 0
stays nearly independent of energy over the Fermilab-ISR energy range at 75% of the black

. . ..10,74,75,77,80,81
disk limit "> "> " " ? ).

4.3 Rescattering effects and Pomeranchukon cuts <

)

The theoretical status of this very active field is summarized by Dr. Schwimmer’” .
Since Iggve nothing to add to (or to subtract from) his excellent review, I shall simply
discuss a few phenomenological applications of the new theoretical ideas.



- 43 -

For elastic scattering, as was discussed by Dr. Schwimmer, theory suggests very strongly

that the negative rescattering cuts should be stronger than the positive AFS-type cuts.

The net cut contribution is then negative. In the eikonal model and the Gribov-Reggeon
calculus approaches, the rescattering cuts are actually twice as strong as the positive
diffractive cuts*). Hence, in these approaches, the magnitude of the leading cut is that
given by the AFS-type cuts but with its sign reversed. This cut structure is 1llustrated

in Fig. 28. It implies, among other things, that if the non-absorbed "driving force' com-
ponent (the short-range correlation component in Fig. 28) stays constant while Odiff rises
then the inelastic cross-section should decrease instead of increasing7" . One may there-
fore conclude that the rise of Oine1 Must have its origin in non-diffractive dynamics.

In the multiperipheral approach, rising total cross-sections may be described by taking
the Pomeron intercept to be above one. Unitarity in the s-chamnel is preserved by rescat-
tering contributions. For a limited range of energy, the average multiplicity grows as a
power of s. It would be very interesting to study if this approach can provide a quantita-
tive explanation for the 25-30% rise of the (normalized) single particle plateau height
observed at the CERN ISRGZ).

Snider and Wyldaa) and Crozier and Webbereh) carried out a phenomenological analysis
of the influence of absorption on multiplicity distributions using the eikonal model ap-
proach. They found that in the simple versions of the model the absorptive effects were
too great to be consistent with data and proposed mechanisms for their suppression. Although
their analyses have shortcomings, the most important being that the effects due to inelastic
diffraction were either ignored°3) or treated very crudelyau), they are extremely interest-
ing and provide much insight into the effect of absorption on the structure of Imultiparticle

distributions.

The influence of inelastic diffractive channels on elastic scattering was studied in
Refs. 77 and 85 using the multi-channel eikonal model approach. Since not much is known
about the off-diagonal transition amplitudes, inelastic diffraction was treated as a single
process. Such a two-channel approximation is obviously oversimplified and, consequently,
its quantitative results should be taken with caution. The qualitative features of the
results, however, are more reliable and are very interesting. In Ref. 77 it was found that
once inelastic rescattering effects are included in the analysis, the elastic eikonal ele-
ment Qll(b) must deviate strongly from the standard Chou-Yang eikonales). The Chou-Yang
eikonal is determined by the overlap of two matter distributions whose shape is given by the
electromagnetic form factors. Thus, the above result suggests that the proton matter and
charge distributions are different. This is not particularly surprising. Results from deep
inelastic electroproduction87) imply that a large part of the proton momentum is carried
by neutral constituents. There is no good reason to expect that the spatial distribution
of the neutral constituents (gluons?) should be the same as that of the charged ones.

*) Here we simplify. The Gribov calculus cutting rules actually suggest the following de-
composition: i) Positive AFS-type cuts (relative weight +1); ii) Negative absorptive
corrections to the short-range amplitude (relative weight -4); iii) A positive multi-
particle contribution with double multiplicity density (relative weight +2); the total
cut contribution is then +1-4+2 = -1.
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Fig. 28 1Illustration of the cut-structure of the Pomeron |



- 45 -

In inelastic diffraction, the rescattering effects are much stronger than those in
elastic scattering. An analysis of the results of the previous Chapter using the eikonal
model approach shows that the peripherality of Odiff(b) is caused by strong absorptive cuts.
This is discussed in Refs. 77, 78, and 80. The reason why the cut-corrections to the off-
diagonal amplitudes are larger than those to the diagonal ones is not particularly easy to
see in the complicated (but realistic) case of large absorption and strong inelastic dif-
fraction, In the limit of weak absorption and small Gdiff/oel ratio, however, it can be
seen as follows. Consider the two-chamnel eikonal model

(911 le]
tin ti2 Q21 Q2
=1-e (4.18)

ta1  ta2

Assume that Q12 << Q11 = Qa2 Expand the amplitudes tia and tio as

t1(®) = 0 ®) - 7 [0 ) + 2h )] + ... (4.192)
t12(b) = Q12(b) - %T Q12(0) [Q11(b) + Qo]+ e (4.19b)

The ratio of the leading absorption correction to the Born term is in the former case
=~ -1011(b) and in the latter case = -Q;1(b), i.e. the absorption is about twice as strong
for inelastic diffraction as for elastic scattering.

Tsarevea), Andrejeva’), Berger and Irving9°) and Berger and Pirilﬁgl) have investigated
absorptive corrections to Deck-type models of low-mass excitation. From their very thorough
analysis, Berger and Pirild concluded that although absorption has a strong effect on the
momentum transfer distributions, other distributions (e.g. mass, decay angles) are modified
only little.

Finally, we should mention the puzzling problem of factorization. We have argued in
this Section that absorptive cuts should be strong. Since Regge cuts do not factorize,
one should expect to see violations of factorization. Experimentally, however, factoriza-
tion works surprisingly well (for integrated quantities, the upper limit for its violation
is of the order of g 10%)1-“). A clue to the solution of this puzzle may be provided by
the work of Pumplin and Kanesz).
by rescattering effects, using several prescriptions to calculate the absorptive corrections.

These authors studied the breaking of factorization caused

They found that even very strong cuts cause only minor violations of the factorization rela-
tions. This somewhat surprising result of "numerical factorization' is probably related to
the fact that the hadrons all have about the same ''size' in impact parameter.

Accurate Fermilab data on low-mass nucleon excitation using kaon and pion beams will
be crucial for learning about the rescattering effects. Processes which are difficult to
measure but which also would be very interesting to study are the double excitation reactions:

yp > ¢(un’), ¢(prm) (4.20a)

yp > $(om), plpr' T ) . (4.20b)

In these processes, absorptive effects are expected to be rather weak [otot(¢p) is = 10 mb
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and ctot(wP) is only =~ 1-2 mb!]. A comparison between the differential cross-sections of
the above reactions and those of the corresponding hadron-initiated processes for low (Nm)
and (Nnm) masses would provide very useful information on the strength of absorption
effects.

EXCITATION OF LARGE MASSES AND THE TRIPLE-POMERON

The diffractive excitation of high mass systems was discovered two years ago at the
CERN ISR. Since then, many experiments at the ISR and Fermilab have confirmed the existence
of such processes, and an abundance of information on their properties has been collected.
Much of the data became available last year at the time of the London Conference. The
experimental situation there was summarized by Derrlck’a) and Loeblnger +) , and the triple-
Regge phenomenology was discussed by Roy’s) . Since then, not much new data have become
available. Hence I shall simply make a few phenomenological remarks. More detailed dis-
cussions on the properties of large-mass diffraction can be found in the sumaries mentioned

above, as well as in the talk by Dr. Goulianos’s) at this Conference and in Refs. 1 to 4.

5.1 Inclusive spectra

Let us look at the single particle inclusive process

p+*prp+tX. (5.1

At high energies, the invariant mass spectrum do/dt dM?/s) of this process plotted versus
M?/s looks as follows:

Diffraction
dominates

s
//,
S

Non - diffractive

/ processes

-~ / dominate
/
-~ N\ /
=7 / ///
1
0 01 0. 2/s

In this distribution, the peak near M?/s ~ 0 [x = 1 - (M?*/s) = 1] is due to diffrac-
tive production. The region M?/s 2 0.1 is dominated by non-diffractive processes. A crude
separation of the two mechanisms can be obtained by applying a cut at M2/s = 0.1.

The phenomenological analysis of the spectra is usually carried out using the triple-
Regge formalism”) . In this approach, diffractive excitation is described by Pomeron-
Pomeron-meson (PPM) and triple-Pomeron (PPP) contributions. At small t-values, the M2~
dependence of the former component is "v M® and that of the latter one v M"%, At fixed
M?/s, the PPM contribution decreases with increasing s as v 1/vs, whereas the PPP component
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scales. In fits to the data, many other triple-Regge components are also included. They
correspond to non-diffractive production (MMP, MM, mnP, M, ...) and to inference between
diffractive and non-diffractive production (MPM, MPP, ...). ‘

In two contributions to this Conference, the Fermilab-Dubna-Rockefeller-Rochester
Collaborationge) has presented extensive data on the process

prda>X+d ' (5.2)

for energies ranging from 50 to 400 GeV/c. In order to compare their data with previous
results of the diffractive excitation of the proton, they divided their spectra by the
deuteron form factor Fd(t) evaluated at the appropriate t-values. Figure 29 shows a com-
parison between the FDRR Collaboration data and data from Fermilab®®) and 1SR'°®). The
agreement at low and at high values of M? is good, within the experimental error of = 10%.
In the region 5 GeV? < M? < 0.05s, the spectra show a clean M ? behaviour. This shows

the presence of a significant triple-Pomeron component.

Figure 30 compares spectra from the FDRR Collaboration at t = -0.05 GeV? and the three
energies s = 570, 1045, and 1463 GeV> with the results obtained by the Columbia-Stony Brook
CollaborationlOI) and by the ANL-NAL Collaboration1°2).
factor v/s ~ M?/s to emphasize their M* dependence in the region 0.005 s M?/s < 0.025.

While the data of the FDRR and C-SB Collaborations seem to be in good mutual agreement, the
ANL-NAL data lie 60-70% above them. This discrepancy is hard to understand, since the latter
data come from a bubble-chamber experiment and their normalization should be good within

- 10-20%.

The spectra are multiplied by a

A remark should be made here. The results of the Columbia-Stony Brook experiment were
published in Physical Review Letters two months ago. In the article, the authors discuss
the results of their experiment but they do not present the original data, except for some
examples of them in two figures. The C-SB Collaboration data points shown in Fig. 30 are
taken from one of these figures. However, in the text, the authors say that: The fall
of the mass spectrum is much sharper than 1/M? and typically has the form a + o/M*, with
o = 3-4, Thus, either the sample shown in Fig. 30 does not represent well the general be-
haviour of the C-SB Collaboration results or the above exponent 3-4 refers to the behaviour
of the spectra in the region very near to the threshold.

The curves shown in Fig. 30 correspond to triple-Regge fits by Field and Foxloa), Roy
and Robertslou), and Robertslos). The analysis of Roy and Roberts was performed over a
year ago. It included the ANL-NAL data and many other data mot shown in Fig. 30, but
not the new FDRR and C-SB Collaboration results. The new fit of Roberts uses only the
FDRR Collaboration data.

In conclusion, there seems to be good experimental evidence for an important triple-
Pomeron component. However, the data are partially inconsistent. Further experimental
work is needed to get an accurate determination of the size of the PPP component.

Estimates for the total inelastic diffractive cross-section oy;ce in proton-proton
scattering have been presented by many authorsl°s). They have been obtained by integrating
either experimental spectra of pp + p + X, or triple-Regge fits to these spectra. Although
the results vary considerably, they show that O4iff is of the same order as the elastic
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cross-section, i.e. 6-9 mb in the Fermilab-ISR energy range. The energy dependence O4iff
is not well determined. The presence of a large PPP component should imply that 9Qiff
rises considerably over the Fermilab-ISR energy range. In the Columbia-Stony .Brook experi-
ment, however, no rise is observed for 130 < Elab < 300 GeV. Further work is needed to
clarify the question of the s-dependence of Odiffe

5.2 Decay distributions

In Section 3 we analysed the dependence of the average spin of a diffractively pro-
duced system on the mass of this system by interpreting the excitation vertex as a ''Pomeron-
particle'" scattering amplitude. This analogy raises several questions, for example:

How do the average multiplicities of Pomeron-particle collisions compare with those of

107) _

particle-particle collisions? The answer is well known - the multiplicities are in-

deed very similar. In more detail: Are the single particle distributions similar too?
This questlon was studied by the Michigan-Rochester Collaboration' e). Figure 31 shows
the m~ inclusive distribution in the rest frame of the system X of the process (5.1) for
"Pomeron-proton” (1 < M?* < 20 GeV?) and 'Reggeon-proton” (20 < M? < 50 GeV?) collisions.

The solid curve shows the spectra of the on-shell process

y+p>m +X (5.3)

at total energy squared s = 18.3 GeV?. The three distributions are seen to be very similar.
Theoretically, the similarity of Pomeron-particle and particle-particle collisions is not

unexpected, and is predicted, e.g., by the multiperipheral mode1*°®)

RARE DIFFRACTIVE PROCESSES: NEW RESULTS

6.1 Double excitation and Pomeron factorization

The experimental study of double diffractive excitation at accelerator energies has
been hampered by two effects:
a) these processes are strongly suppressed by a kinematic t .. effect, and

b) the non-diffractive background is large (much larger than in the single excitation pro-
cesses) .

At the ISR energies both these handicaps are largely removed and the experimental study of

the double diffractive processes is feasible.

’

Two beautiful experiments by groups at the CERN ISR have, for the first time, yielded
reliable data on double dissociation processes. Although these data are not yet fully an-
alysed, several interesting results have already been obtained.

The Aachen-UCLA-Riverside-CERN Collaborationllo) has measured the reaction

pp+ (T )1+ Xe (6.1)

at energies ¥s = 45 and 53 GeV. They use a multiparticle spectrometer for the detection

of the §§stem (pn+w_)1, supplemented in the opposite amm by a multiwire proportional cham-
ber telescope, which detects decay particles from X. Se1ect1ng events where X, involves
more than a single proton, the momentum spectrum of the (pw m ), system (which is equivalent
to the missing mass spectrum of X,) shows a clear peak near p = p .. - Such a peak is an

unmistakable signal for the occurrence of double diffractive dissociation.
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To test factorization, the authors compare the experimental rate of the process (6.1)
to those of the processes

pp > (pr'm )1 p2 , (6.2a)
pp > piXe , (6.2b)
pp * piP2 , (6.2¢)

measured in the same experiment. Geometrical cuts are applied to select events with
m(pn+n_) < 1.85 GeV and the system X, having low mass. Factorization implies that the
ratio of the rates of the processes (6.2b) and (6.2c) should be the same as that of the
processes (6.1) and (6.2a). The results are given in the table below. They are seen to
be consistent with factorization.
Table 1
Test of factorization hypothesis at v's = 45 GeV. The quoted errors are sta-

tistical .only; systematic errors are estimated to be of similar magnitude.
The values of B/A should be reduced by about 5% to correct for the finite t-

range.,
+ -
| t|-range A (dN/dt)[p1X2] . (dN/dt)[(prrr+1T-)1X2] W
(GeV)? (@V/dt)[p1p:] (@/at)[ (pr 1) 1p2]

+

0.15 - 0.275 (1.49 + 0.07) x 107%| (1.76 * 0.18) x 107% [1.18 £ 0.14

+

0.275 - 0.40 (3.44 + 0.20) x 107%| (4.18 + 0.52) x 107> |[1.21 + 0.18

+

0.40 - 0.525 | (10.32 + 0.80) x 10~%| (10.46 + 1.34) x 10”2 |1.02 * 0.15

.

The Pavia-Princeton Collaborationlll) has collected data on the exclusive reaction

+ - + -
pp > (prm)(pr ) (6.3)
at the ISR energies vs = 23, 31, and 53 GeV using the Split Field Magnet facility. This

apparatus makes possible a measurement of the momenta of all the six particles in the above
process. A clean double diffractive signal is seen.

A detailed study of the energy dependence, mass distributions and differential cross-
sections of the process (6.3) was carried out. Figure 32 shows the cross-sections of the
double dissociation sample of this process at the three energies (5.5 * 1.1 uwb, 5.1 + 1.0 ub,
and 4.9 + 1.0 ub at Vs = 23, 31, and 53 GeV, respectively). Factorization predictions cal-
culated from data on single excitation pp > p(pﬂ+ﬂ-) and on elastic scattering are also
shown. The agreement is impressive.

For further discussion of the results of this interesting experiment see Dr. Mantovani's

talklla).

-

114)

The Saclay-Ecole Polytechnique-Rutherford Collaboration studied the process

- - + |
Kp~ + N* ' : 6.4
P q+ K*°n~ N+ o | » (-9
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at 14.3 GeV/c. The cross-section for this process was found to be of the order of 10 ub,
which agrees within ~20% with what may be expected from Pomeron factorization.

6.2 Double Pomeron exchange

Multiperipheral processes with two or more Pamerons exchanged in the chain are theoreti-
cally extremely {nteresting. There is an abundance of literature on their expected proper-
ties and on the self-consistency problems which they raise. Experimental searches for
double-Pomeron exchange (DPE) processes have provided upper limits for their cross-sections
which are generally of the same order as the theoretical predictionslls'll7). No compelling
evidence for the existence of DPE processes has been obtained so far.

In a paper presented to this Conference, the Aachen-Riverside-CERN-Genoa-Munich Col-

118)

laboration reported evidence for the observation of the DPE process

p+p+p+x+p (605)
two charged particles

at the CERN ISR. Although their results have already been summarized by Dr. Layterlls),

I wish to comment briefly on them here.

The experimental set-up used by the ARCGM Collaboration is shown in Fig. 33. It con-
sists of two separate elements: the multiwire proportional chambers located above and be-
low the beam pipe in both amms, and the 41 counter system comprising counter groups in both
arms and counters surrounding the intersection region.

For the DPE search, events were obtained at ISR beam energies of 15, 22, 26, and
31 GeV/c. The trigger used was essentially the following: A fast charged particle should
be detected by the multiwire prqportional chambers on each side, no particles should be
seen in the '"veto'" counter set-ups and two charged particles should be detected by the
central set-up. A momentum balance test was used to ensure that no unobserved neutral
particles were present. The rapidity structure of the events accepted by the above trigger
is shown in the lower half of Fig. 33.

For events satisfying the above trigger, assuming beam momentum for the leading par-
ticles, the distribution dzo/dtadtb, t; = -pzei, was examined. No correlation between t,
and t, was found. A fit to the data by the formula dzo/dtadtb =a eb(ta+tb) yielded the
value b = 8.6 + 1.8 (GeV/c)'z. The values of a and the resulting DPE cross-sections are
given in the table below for each ISR energy. These cross-sections are shown also in
Fig. 34, together with theoretical predictions for 9DPE by Chew and Chewlls) and by Roy and

Robertsll7).
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Schematic view of the experimental apparatus at inter-
section I-6 of the CERN ISR. The.drawing is not to
scale. Lower figure shows rapidity distribution of
events accepted by the apparatus (from Ref. 118).
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Fig. 34

Cross-section measured in the ARCGM Collaboration experi-
ment versus energy. The upper curves are theoretical pre-
dictions for the double-Pomeron exchange to the processes

pp > p + (27) + p (Chew and Chew, Ref. 116) and pp > p +

+ X + p (Roberts, Ref. 117). The lower curve is a predic-
tion for non-diffractive "background" contribution to the
latter process in the kinematical region |x1|, |x2| > 0.9.
Since this region differs from that defined by the appara-
tus of Fig. 33, the curve should not be directly compared

to the data.
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Table 2

Accessible t-ranges, numbers of DPE and background events, and cross-—
sections at each ISR energy. The number of background events is es-
timated from a Monte Carlo calculation for a diffractively produced
pr*n= state. This contamination has been removed in the determina-—
tion of the DPE cross-section.

ISR energy 15 22 26 31
tlow 0.0091 0.0196 0.0266 0.0364
thigh » 0.0238 0.0549 0.0722 0.1066
SDD events 13 + 4 24 + 8 6.+.2 . 5=x1
DPE events 46 + 29 207 = 101 62 + 30 54 + 22
a (ub/GeV*) | 2211 + 1187 | 2048 + 809 | 1390 + 582 | 1434 + 537
o (ub) 30 + 20 28 + 14 19 + 9 19 .+ 8

Although the geometry of the ARCGM set-up is well-fitted for the study of double-Pomeran
exchange processes and probably most of the events observed are due to the DPE mechanism,
the evidence obtained cannot be regarded as conclusive, not even concerniné the mere existence
of DPE processes. The crucial point which is missing in this experiment -- as well as in
all the earlier experiments -- is signal. Since one is dealing with very small cross-sections
(~ 20 ub!) conclusions which are sensitive to theoretical background estimates should be trea-
ted with caution. To be really convinced that one is observing DPE processes one would like
to see an experimental signal characteristic of DPE above a smooth background.

To emphasize the above point I have drawn in Fig. 34 a curve corresponding to the cross-
section of non-double Pomeron events which satisfy the DPE kinematical configuration and make
up a background for the real DPE events. This curve is calculated from the Mueller-Regge
model using parameters obtained from fits to the single excitation process pp > p + X 117) .

I am of course, not trying to claim that this background explains the cross-section measured
by the ARCGM Collaboration. My only motive for showing it is to stress the need for a mea-
surement which does not depend on theoretical background estimates.

An excellent experimental set-up for the study of the double-Pomeron exchange processes
would be similar to that of the ARCGM Collaboration, but with the additional possibility of
measuring the momenta of the particles. By plotting the density of the events in the x;x;-
plane (x = 2p,/ v/5), the double-Pomeron exchange processes would show up as a peak in the

corner -X; = Xp; = 1:

XS

P P %
"
P ]
y
v
P
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Estimates based on the triple-Regge formalism and Pomeron factorization indicate that this

peak would be large and sharp enough to be clearly visible.

Double-Pomeron exchange processes are theoretically so interesting and important that --

we emphasize -- an experimental program devoted exclusively to their search and study is well
worth an effort and should have a high priority on the list of future Fermilab, CERN SPS and

ISR experiments.

CONCLUSIONS

A)

B)

0

D)

E)

F)

G)

H)
9]

J)

Some of the lessons from recent data can be summarized as follows:

The energy dependence of low-mass diffraction dissociation processes is similar to that

of elastic scattering;

The diffractive transitions m - (wnm) and K + (¥mr) are extremely similar. This holds,
not only for the mass-distributions, but for the spin structure as well;

The empirical systematics of the helicity conservation properties of Pomeron couplings
are absolutely puzzling. No theoretical understanding of them exists;

The average spin of a diffractively produced system grows linearly with the mass of this

system. Simple impact parameter ideas are capable of explaining this result;

The first partial-wave analysis of the process pp ~ p(pﬂ+ﬂ_) was reported. The results
show that the "N*(1470)" peak seen in the (pr'm) mass spectrum is due to a 3/2°S state.
The '""N*(1700)" peak is due to a 3/2°P state, but receives contributions also from the
5/2+ wave. The phases of these waves [relative to that of the 1/2+P(A++ﬂ-) "background"
wavej do not vary with the (pﬂ+ﬂ-) mass;

Important new results on the decay of diffractively produced baryonic systems were re-
ported. They support Deck-type models. However, large baryon exchange Deck contribu-
tions are needed to explain the data;

There is experimental evidence for the peripherality of low-mass diffraction dissocia-

tion in proton-proton collisions;
There is good experimental evidence that the triple-Pomeron coupling is large;

Experiment supports the bootstrap idea that Pomeron-particle collisions are similar to

particle-particle collisions;

Detailed results on double diffractive dissociation processes at the CERN ISR were re-
ported. Factorization seems to work well;

Evidence for the exclusive double-Pomeron exchange process pp ~ p + (ﬂ+ﬁr) + p at the
CERN ISR was reported. The measured cross-section is ~ 20 ub and approximately inde-

pendent of energy.

Let us attempt to list some crucial experiments that will throw light on the validity

of current theoretical ideas on inelastic diffraction:



- 56 -

i) Analyses of the helicity conservation properties of as many diffraction dissociation
processes as possible;

ii) Partial wave analyses of nucleon dissociation processes;
iii) S-channel amplitude analyses of pp ~ p(mr+);

iv) Experiments that would yield information on the strength of absorptive effects (for
example, study of the t = -0.2 GeV? dip region in nucleon dissociation);

v) 'Fermilab and CERN SPS data on Kp > K+ X, np>m + X, Kp > p + X, and mp > p + X. De-
tailed tests of factorization;

vi) Two domains which we have not discussed in this review, but on which accurate high-energy
data would be extremely useful for learning about rescattering effects, are photoproduc-
tion (especially of ¢ mesons!) and experiments on nuclei;

vii) An experimental program for the study of double-Pomeron exchange processes.

As an over-all conclusion, it seems to me that much progress has indeed been made since
the Aix Conference two years ago. However, there is a lot of work still to do before we can
expect the Pomeranchuk singularity to finally reveal her ultimate secrets to us. One out-
standing problem is: Theory predicts strong cut contributions to the Pomeranchuk amplitude,
but experimentally the Pomeron seems to behave as a Regge pole. Why is this so?

Finally, I wish to sincerely apologise to all those authors whose work I have misrepre-
sented or not discussed at all, or whose (often beautiful) data I have not shown. The tre-
mendous number of new results and the short time allocated me for preparing this review, to-
gether with my limited knowledge, forced me to restrict my discussion to a few problems which
interested me particularly, and to ignore many other equally important problems. Therefore,
this report should be regarded as a quick survey of a few exciting developments, rather than
a well-balanced review of the status of the field of inelastic diffraction.
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